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(54) GRADATION NUMBER CONVERTER AND ITS METHOD 

(57)Abstract 

PURPOSE: To convert the gradation number of image data while suppressing 
deterioration in image quality to the utmost and to realize conversion without 
increasing the scale of the circuit. 

CONSTITUTION: A coefficient multiplication LUT 50 multiplies a coefficient of 7/255 
with received 8-bit image data and provides an output of 8-bit image data. A bit 
number conversion circuit 100 separates the 8-bit image data into integer data of 
high-order 3bit and fraction data of low-order 5-bit and gives the integer data to an 
adder 200 and the fraction data to an adder 302 of a thresholding circuit 300 as error 
data. A random number generator 301 generates random number data in 5-bit. The 
adder 302 adds the random number data to the fraction data and provides an output of 
carry data in 1-bit denoting the presence of occurrence of carry toward a higher digit 
to the adder 200. The adder 200 adds the carry data to the integer data and provides 
an output of image data in 3— bit. 
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[»HF»*W|5H] 

1 ] MPgf3 (Mf* 2 EJl±tf>fiR) 1 B{£ 

(N-l) / (M-l) Sr*»L"C#(bn5, fiR 

ffix~^£#5 2{a^i£<!r, 

ftjEffegiS*^ — * cdSR^x - * ofitc ffijfs 2 itx - 

x, 

^tfr±tf x - * SriWE 2 fix- ^tLTftSfat, 
3 ] ff*i 1 KEfc^KWS&ifeKBfcfcv * 

x, 

iKiE'hSS&x— * cofili-ffiEx *r if ^ cofi^pg u 

7Pi-«T±}f7 f -^S:H(rE2«f f -^^ L"C#S^St, 
*«;i5l*SHfc2E»«Bo 

[»*S4 ] i idE*03B«S^*3£Bl-*3V> 

X, 

miE2fia j fk*a«. aJE^ftfflx-^^fiSrRHJtftffi 
[»*«5l Mmm (Mfl2^±<Ogi&) ^miij^ 

HuEIBlB^x-^^fi^* (N-l) / (M-l) 

iiuESW*S*7*-* ©/HSffifW 2 fflft U2 

iiJE JR »^r- * wiifEr- * <ofitc ffjE 2 fix - 
^MSriJOSLX. #bixfcfiSrHaES2iB«7 f — 

hMESS 1 HH£x-^£A^U KSlBflfcx-^fiSK 
Rft (2 n -l) / (2 m -l) ^SltS^r 



On) *y b<Dmim»ft% j f--*tLxmi3irz>& 

HuE^^mx-^^Tfi: (r-n) lfyKDr-^(- 

/o 7 ] ts*3g 6 ett^ienftSftSB^^^ 

x. 

HuERSfSMjE^ati. 

(r-n) Ify hoaftx-*.£SS£^£^&£. 
fflEaftx-^irBuESfftS^x-^ir^DjlLU. ftuE 

Sr«x.5PS«a'X»3SBo 

8 ] it*JS 7 Et^PHMMil^^ 

B&E»»MfltjE^&ti\ 
20 (r-n) Ify htf>x-r1fx-*£3S£1-5^&i. 

^Ex^^-^tH&ESWiem-r-^tsriniacL, m 

[0 0 0 1] 

[KJS±tf>fiJffl:»If] ^HS^filSWftaEftKB&O 5 ^^ 
*ttl:HL, 4#(^ (Wxfi. 2 5 6Pg^: 

8k>h) ©B&x-^Srfifc^BSIfS 8Pg 
M : 3 t> b) (Dm&r-9\^ B«ffiTSrX# SKS" 

[0 0 0 2] 

wt7Fmm.zm^xm7F-rz>m&, mikm^mm^^mt} 
£tiz>m&7*-*t*&v*yb (-fftt>h, 2 5 6mm) 

XfoZ><o\c#U s BftS^Sfit-A^^tBax-* 
ii3t'*yh smm) XthZ><OX\ 2 56B 

i^B^x-^ £ 8 »»oiB»r — ^ {c^ifti-Siess^ 

[0 0 0 3] r^iSftBfiftx-^OPSWSSr^Sirs 
Se*^lSSIft3El!l3gfii: tXtt, filxB, BfiBPtBS 
fjCOBgoiU^ hnr:^^ 1 9 94^8^ 2 2 0^ 

(No. 6 15) 3!l 3 1IMH 4 21 r»ffi 
ffiffir >f * 7° V4 "BSIttftfeX 5 l 2 fe3c*?Ki8i£ 
1 6 7 0^fe(C, f^LSIir J (-EftS^XV^ 

[0 0 0 4] 

50 S*^^ 1 <0^km\Z.^X 2 5 6 Pgl^OiS^x-^ 8 
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fc, m 1 5 (is 1 4 tc^ Lfc*p»«»ic*n«:'r siittx 

[0 0 0 5] r(O^l<D^*0iJ-eti. 014<O«»l:^ 

(cSM^-CT^S* li^T-^A^n^, -t<z>A 

it, mi 4 iz^i~x ^:iio9 fgmfrbm i 45mm 

[0 0 0 6] L/$>U i^»3»H(r2(c3l5Wf-»JE£:1"S 

A^Mft^-^^pgaftttia 1 4frbm*te£ 0 t-m 1 

2 ops»i-e*5^r% 1 immft a 2 
omm- 1 0 9tgM) ^if-^*s4i:5:^:4 

BPi»£*£>£3;£-r5 (±EW"efi»3BiicoSS<J: 
1-5) *\ lo±(Z?KPfftlc:S3Ei-5 (±E0iJT-fiJK4 

[0 0 0 7] L^L&^f>. 



(7)8 try hoiiftr-^roffif* M o 1 1 1 1 0 0 0" -e 

roA^iSffi^-^^^co^twJR-rS^*^^ 

— &<Dm (WZ-tis "0 1 0 0 0 1 0 0" (S3 6[g 
M) , "0 1 0 0 1 0 0 1" («7 3PBW), )t 

m&±'bm%z&m^z&m-hz>o mi 09m 
m&Ly*—*<ou (i~&t>h, "01101101" (m 

10 9BH) ) tAtimmy"-$<n{& (irfttoh, "0 

1111000" (Hi 2 omm) ) k<om&%&ai- 



[0 0 0 8] Ml 6 J*»Pft£»KB<7)3S 2 <7>ffi*0»JlC 
*5^-C2 5 6PgWwB«7 J "-^S:8pgS<Ojii*7 ? --^(C 

«f*(^i 4tP«lc:»Slft3E*3S8(rA*Six 

;o (Dmz^Ltzwtwmxfo&o mi 7\z^x, &m<om 

[0 0 0 9] ~<D|g2(7)$5fc#J-?i*. H^-^A^F 
*ix5^:. HI 1 7 lz.7jk-i-£ 5 -£(7)8_fc*y hcopjf^ 

5 KM 0 2 5 5PBIH^-e2 5 6C0BHSSr8 

20 SMNcE^ttU #E»S:-eix-eJxffitt0 8KW(c:S>J , 9 
attv^o W^tf. A^SttfcH«r-*^»W»a ? 

try hOlftf-^Ofitt "0 1 1 1 1 0 0 0" -Cfo 

3 0 Sot, ^(om^-? <n o h t&z t*y bcof- 
^£r&<9ft^<!:, -eox-^cottfi "0 1 1" -CfctK 

5 0 "f*^t>, "0 1 1" ~e£>££>T\ ffi^fil^X"^ 

[0 0 10] Lj6>U ^Oj:9t-±fir3 tfy hOx — ^ 

x\ &&¥*m*m 1 4 ^^ntcr^-r «t 5 tc^^tc^ 

^3Ei-6 (±Eeiir-tt^4»W(c:^H"r-5) Ji^lRt 
^0 "0" ^ "1" Ol h^r-^tC^LT) , 

[0011] La>Ljfcj&s£, rcoj:5 4»2«>se*0ij^ 

W»3SSS 2 2 4 "1 1 1 0 0 0 0 

0" ) ^P>I2 5 5KSB (-T*^*>, "1111111 
1" ) ^E^t-R-TSS^ ±(5:3 b'y hc^x-^^fi 
(1 "1 1 1" Xh&tiV). m^Hft^-^fiOBIBftdT 
50 {£5 try hwx— ^t^^t»6TM7ieiBt-ftSSix 
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5 

o±<z)BW»lc:2EHi-53&^iaRLJ:5 t urt, Jg7 

2 4Pgp "1 1 1 0 000 0") ^P>^2 

5 5Pgl^ "11111111") COE^iC 

m&mmm 1 6 <o-^«»^-c^"r j: 5 * 
(-r*t»*>, hi 4 commix ^Lfc^ttt 

[0 0 12] ffioT. #*Wo@Wf*, ±BLfcffi*S 
[0 0 13] 

fc#)t^ W3fc«i(-E*©*^-e(i, MPgp (Mil 2^ 

W_bcosm) ^B21i^T f -^ic^-r5^P«:^S 
Ric*5i^-c, iiufi^lHtex — *£A*U SHIS 

^-^<z)«:(c«ft (N-i) / (M-i) zmwi-xm 

bit*, SEftffli: l«K±©/jNa»i:^e)J*5«[S:. » 
HuESKJS*^- * <Z)/hJS«8x - * <?Mt £ 2 lift; LT2 

ixfcM£lirfE3S2B»x--* £ Ltffl^-J-5»0»^a 
[0014] B#3g 2 tcEfc^^Tfl. 1 K£ 

[0015] s»*«3 \cmm<owMxit, 1 ke 

So 

[0016] ft*3l 4 (clEicCO^P^T'fi:. S#JS 1 tc|S 
«0PB«ft3Elft3gH(ci3^T, HfHE2ffl{b#a^ > fuE 



(4) ftl?9- 1 8 7 2 3 

[0 0 17] W*3l5(C|E«6^*WC(i. MPg^ (Ml* 

w 2 «±<7)»ft) ©»2®«r— ^^iji-rsffipaftx 

»*ffi(cfe^r,-B9famiB«x-^^«t{w«3S (N- 
1) / (M-l) ^ftr, SEftAj: lfffELbO/hft 

;o «Eftas^-^<7)M(cfrie2fflf r -^<o«S:*patLr, & 

^ti7tfS^ful5m2®Sx"^ ( l: Lt#5Iit, £<i 
[0018] a*3S6tc8E«o«W-cii, mtTy NCOS 

«*3E*36«l-*5^-C, HtfE3Sl-B»f~***^U 
RSlIftf-^OtCftS (2 n -l) / (2 ro -l) 
«r*»LT#?>tL5 r On) t^y^I^imf 

20 ±ES»*£*7 ? -*K±E»n ¥y h g r 1 j 

[001.9] W*«7tCfS«cCO^0^rii. fS^6ES 
^PB»*2E«3S«i-*5^"C, bnE^*IE^^n (r 
-n) \?y Y<Oftjm7-$*3k$i*ttWLb* fiuESLIfc 

[0 0 2 0] »*3S8(cE*05«WCf±. i»*3S7E* 

-n) t^y HOx>r1fx-**5g±r5#©i:. tuEx 
^Ifx— ^tauE^Jtife*^— ^tS:*D*U, huE^JDW 

[0 0 2 1] 

■f, Sliftf-^iOlCffiftiL'C (N-l) / (M 

-i) ^siLt, mmnt itfr£k±<D^mbb 

^Sr^7 f -^iL"Cfto"C2«ftL, #e^fc2jlr 

[0 0 2 2] IS*«6 7!/^8cO^P^r'fi. mtfy Y<om 
llftr^^nfc^y h (Z)^ 2 mit-f- 9 ^^^5 
Illftf-^^ffiftttt (2»- 
1) / (2 m -l) ^ff It, r On) tTy h<^)* 
50 S^f»^^aj^t^)o ^tltCj:i9^ llfliT-^W 
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8 



(r-n) ITy — ^S^TSMUS^r — 

i:fiSnt'-7h@C r 1 j Sr^-rscttc^^KiaS: 

9*>±fen try h£»ftLjg2M£^~^2r»6 0 
[0 0 2 3] S£oT\ KfiELfcJBl j: 3tc. 

[0 0 2 4] 

»*as»3SHfi. «SSs*ffl/i'y * * • -r-^/u 

(«T. LUT SOit^yhMteKlOO 
Sr«^Tl/^ 0 try MSSElftlHlKl 0 0 J**Djl« 

2 o o ^ 2{mtmm3 o s&i^fc, 

2{g^®^ 3 0 0 figL^M^S 3 0 1 fcjtogS 3 0 2 £ 

[0 0 2 5] *HffigiJopgWI«^lji3SaT*tt, 256 
(M) ffiS^Hflfcx-* 8 (m) £Ty he? 

IHftx-*) SrAAU 8 (N) pgW^Bffc^-* (i- 
3 (n) try h^B^r*-^) ^ftL-CttS* 

[0 0 2 6] $1\ «'«MLUT5 0^ A^£tl 

(n— i ) / (m- i) ) ^ilir8 try hftffiigLT 
A^sjxsstry v<r>m®.7*-$(n%-mcnv,x, 1/ 

2 5 5Sr**LfcS*S:^Jx-enE«UT*3 9, 8 ITy 

16**8 try hob*?*-**: Lrm^-fSo 

[0 0 2 7] r fl*»7/2 5 5<7)jtl*-e*>53dN 

f2 5 5j ammwt&WhmmzAJitstitzmm'r 

-?<Df£mmA<n&itffi (M-l) £#j£L"Ci3*K # 

^PSSBftNO^fMB (N-i) (^jSLTV^ — Jft 

b«x- * wRsasias o flgaa* p>« l - 1 psaii^s 

teU#6fc#. *<o2WfcBt* (L-i) -Otfc^ L 
-lirS^^o Sot, 2 5 6PSWroA*Bft^-^ 
BW*<Z>3Efl:«ti: 2 5 5 8^<Offi^ 
Iif-^^7t^5 0 &±©J;5 4«S7/2 5 
5 4:2 5 6BHWAAii«T r -^(c:*»i-S^. A*B 



[0 0 2 8] 8 tTy h<Dmm"T-?\^7 /2 5 5 

8tTy h^B^r-*©?^, ±&3tTyh («21i» 
x-^^tr'y hScirP] C) (ifi»SPfc^f9v TftStTy 

£l^<OT\ LUT 5 Of* 4 tfy h^BftT*—* SriiWr?- 
[0 0 2 9] @2telll ©fift*IfflLUT 5 0 U::i3l* 
m^SixSlf^-^iOlSltlftSr^L-CV^o HI 2 
KM (B^x-^coffi^ "llliliii") r**>5 



^7Pgp60U^-^ ("H 1 0 0 0 0 0 n Wl 
Sta** 1 2 Oi^P (B&^'-^flSri 5 "0111100 



0" ) XhZm&a^ BWjS^tStf3. 2 8 1 2 5 CO 
20 ffi&x — * ("01101001" GOM^x-^) iC^ 

[0 0 3 0]fc try h»3E»iHiKi o oii, ««S 

SfflLUT5 0 J:«9ffi^$tifc8 (m) t'y^lftr 

~^£3 (n) try b<nmm.f-$ (-r%t>h, smm 

[ 0 0 3 1 ] m 3 fiia 1 CD tT y hft^lftlHlK 10 0 (w*3 

&^T. *«lf*tfy bft^lfelElKl 0 0f;iA*£tl6B 
f6^-*<Z)fiti«ft£^L, tattJitTy MSSgfcHI&i 0 

fc. S4f±ia3ic^Lfc*Baist^j£i-5]iiiftf f --^ 

[0 0 3 2] ITy hftgCftlalB 1 0 0 X : iZ, 
LUT 5 Oj&»P> 8 try K Wfflir-^ &At) StiS t . 
@4^i-«fc p ^C0 8 tTy hOOlj^x — ^C0 9^>. 

K»«i5i-ttai-5±ffi:3 ir y hcox-^^ft^mt. -t 

^ co^— ?%£<n&£ 3 try hcDtU^lJ^x-^ LTffl 
^-T^o ^Jx«. «ft*»SLUT5 0 J;!3A*Sttfc 
Bft^— ^^)KBia^3. 28125 ("011010 
0 1") -Cfc5»g\ -€-c0 8 ITy hcOB^x-^60 5 
±&3 Ify h (75^-^*^19 ffii-i:, ^-(Dt^-^cO 

lift "on" t-fc^ w<©3 try h^x— 

«^-^i:L-CW*i-5 a -rft^*>, "Oil" -CfcS 
3P»Hicft^*tL5 0 

[0 0 3 3] L^L, ^COJ: 5l-±ffi3 fcfy hc^x — ^ 
50 <Z)&£ffl^5*QST*(S. /«W^t5Tft5b'y h 
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(6) 



cdx-^ (±mmxn a o 1 o o i" ) awwrnxb 

ti, ipT&ffl^S^x— ^(-RiftS^/j!V^-C\ &&&& 
(ill 3 \z&m\cX7?rr X o luBgttlc/j;otL$5 0 
r-c\ /hftffl(-tsSi-5Tffl:5 if y Hcd 

[0 0 3 4] ^;t^f s ify h«3EJftlslKi o o-e 

il. «S**fflLUT5 0^&B3*$tifc8 tfy h<Dl 
r^) £T&5 if y hco^-^ (-f^t>*), /hftfflx 

i^Hiu as*«as^— ^ Sr*D«ss 2 ooka^-t 

3 0 0C0AD»S3 0 2(cA^J-f ^ 0 09x.ff, A^aSSM 
LUT 5 O^btiitS^tltzS Ify h^lHt^-^COfg^ 
"01101001" (-tftloh, mm&tfZ. 28 1 20 
2 5) -C*>5»£\ *D»S2 0 OtCttfiESSP^-^t b 
-C "0 11" ^^tl, 2fift0K3 0 0C0^JP»^3 
0 2(Cfl/h»Sl57 :f — It "01001" iSAASn 

[0 0 3 5] 2fiftlHlK3 0 Otlt A*$*x;fc5 tf y 

hw/haas^— ^^2fi{bLr i tf y F^f-^ca 
-r^o aan^«3 o i*s5 try hoD-«co 

SJc^-^fc^i'Sa Jta*S3 o 2te;:<z>5 if* h<z> 

aa^-^^A^LT, SfeMA^t^S Ify h^/hft 
aS^-^t^pJJU *±ffi£rffi£fdfT±(f (c a r r 50 
y) co^coWM^-Tl Ify h«0«f±(f-r— ^SrAO* 

^2oo(cm^-r^o 3 o i ansus 

"1110 1" Sr«^Lfcti-5 ±E 
WT-fi/hRSBx— "01001" -Cfc30>T\ 
*p»fe*(i "iooiio" «ot, *±fittr 

y h"Cifc5f&5lfy h£«;ifc«r±tfj& s «£bT^5W 

r% «7±ifx-^i:Lr "i" ^aiASiiSo 

[0 0 3 6]-*-, JtJPjlSff 2 0 0 «\ 2fi£ftStLfc^H 

£A#U 5te£A*£ftfc3 tf y KOfiaSB^— ^(C*D 40 
WU 3 try h^B&x-** LTHS*i-5o -f**? 

±E«sJ"Cfi, Sa^x-^cofifi "o l l* -Cfc 
9. ffriffx-^flSf* "1" -C*)5WT% *P*g2 0 

0d^ffl**ixS 3 try h^Wfe^— LTil "l o 

o" (SK4i»jH) tftHAsna. 

[0 0 3 7] EJUtco j: 5 (c*HJEW-ett, try ha^& 
0SSlOOt3^X, A*3ftfciIi»^-*S:fiaSP7 f 

T-£>6 0 S6o-C, HfraLfc«l^*M(7)J:5(-, A* 50 
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* m-rfc*tc«#icffiB"r 5 mm.?-* t <ow^ 

[0 0 3 8 ] Ify hft^JftlalKl 

T5 0Ci5^t, A^iSffix-^^KMSw^fbHSrS 
»Wt-ffl*i-^#B«x-^^PB*a^^t«t-^lftL 
t^5«)-C, if^Lfc|g2<7)«*«0J:5(c, £*«M4 

[0039] m5te*%w<D%$2<DmMmtLx<7>p£m 

IfelHlKl 1 0Sr«X.Tl^ o lfyh*£*lEl&l 

1 0(i*P*S2 1 0 i: 2jSlblHl^3 1 0*fflx.X^So 

2tt{bln!K3 i oiix-r if 11**3 

1 1 i*P*g3 1 2«r«x.T^S 0 

[0 0 4 0] *^JfiCToBpa3E*3SH-e«, 256 

(M) BSK0BS&7*-* (-t-*to*>. 8 (m) tfyhfiO 
Ijitx-^) £A^U 16 (N) pgaoltt7-^ 
("T*;b*>, 4 (n) ify hWliftx-^) ^ffelf 

tt^-rso @i^ati^3oi^Diuf 

^flfx-^^^3 1 lSrffl^5„ 

[0 0 4 1 ] *"f. «a^ffiLUT6 0(1, A^I^ti 
tzS Ify hCOH^-^t^a^ L"C 1 5/2 5 5 ( = 

(N-l) / (M-l) ) Sr*»LT8 If y hfiOH^ 

-^^m^i-r^ 0 -tftt>h, fisssfflLUT 6 onia 

1 0«S*»fflLUT 5 0 ^r!Hi^(CA^^tl5 8 If y h 
WiB^'r— ^(Z)#fi(-*fbT. 1 5/2 5 SSrSatLfe 

M«tx-^tLrffl^1-So ^^ ^ltD^^jfD^^r 
[sUtl^ LUT6 0com^H (n+1) t 1 '-; K IP^5 

try hj^±-C'fcti[i«tv\ 

[0 0 4 2] r ffiftl 5/2 5 5 CO 5 *>. 

T2 5 5J Hcl2l fcI^«{cBiia3E*3SKt-Ayj*nfc 
iBftx-^^BWaMio^kB (M-l) ^iSLX^ 
19. 5>^<o r i 5 j «BHa3E*3SKJ:t>ffl*i'' < #li 
^-^^jigpaN(D^I (N-l) SCMJSLTV^ 

[0 0 4 3] 8 tf y Y<om^T — $\^\ 5/2 5 

-68 ify Y<nmWr—$<r>o%, ±.&4 (n) ify 
SEa«5£:ftt>, ^ ( 9cOTfe4 (8-n) tf y h^/haffl 

[0 0 4 4] -f-4*>*?, ft«SfflLUT6 0 

:tiaot, "oooooooo" «ob» 

"11111111" (12 5 5BPD £T*^fbLT^ 



-6- 



11 

fcii&x-^m. M oooooooo" {%§mm & 
b *i 1 1 1 o o o o" mi smm) zxmtLmz 

[0 0 4 5] &tc. try hft^JfelslK noit 

*fflLUT6 0 J;9ffl*SJxfc8 try h<DiItf£x-^£ 
4 (n) ^-^(Olftr-^ (-rtefrh* 16®HcoU 

ft?*-*) wE*LTta*-r3„ tryh«« 

ftlalKl 1 Ot'lt «S*»fflLUT6 0^?>aiA$ii 
fc8 try KOIift^— *3r, ie4t>F(Or^ (1" 

2 1 0^A^"T5^^, ^Sffi^-* £8*217*--* £ 
UT2ff{blHlS&3 1 0(O^D#^3 1 2tCA^-T6 0 
[0 0 4 6] 2ffi<blal&3 1 O-Ctt, A;/3$Hfc4 If y 

h^/h§c^-^£2«fcLTi try ha^-^fcXifc 
£ 0 0 6tr*5^r. (a) tti6Ptw (-r&;b*>, 4tr 

(b) (a) {z^Tj^nmmm^mz 

[0 0 4 8] @ 6 (a) ^^-TxVf-Wl^ (b) fd^F 

tEo-c, 0iRfi\ Effi_h<z>»i 7-f>-B 

g3i itt, -en^^s-ifSiJwWjS-fs^^ifx-^ r i 
3j , r 9 j , r 5 j , r i 4 j , zmfc&fri- 

[0 0 4 9] Htz s M»m3 1 2&Z(r>4 tf y 
¥x-*£A^LT. jfeKA*£*Lfc4 tfy h<7>H&Si$ 
y^-^i^PSU ftiffifcSxifctfT-hlf (carry) 
O^£(0^£irH~ 1 tfy hW#f±(f7 ff -^**0iL»2 

i o^m^s. JnW«2ioi*, 2 fflik^n fc^Hx 

A*U 5fe(CA**ixfc4 try h^KSa^-^^JD* 
U 4 tfy h^B^r-^i: Urm*-T5o 
[0 0 5 0] n(OJ;9{-bT, *Slffi0iJX*Il x 2 5 6Pg 

iroifef-^ (i-#;b*>. 8 try b^mikf-^) * 
i 6K9ll<£>iHSfc7*~* d - **?^ 4 try hois^x*- 
(c«»i-5o #£*«4)J:5iw, aft*4S3 0l 
0>ftb!9t-x*iFf*-*»£S&3 1 1 £JB^-Cfc. Ml 

[0051] m7&*%wv>na<Dmt&MtLx<ovsm 



(7) fti¥9 - 1 8 7 2 3 

72 

\*^&Xfo6 Q 2fiffclH!B3 2 H7(^-TJ;5 
(C. ^ !i 3 2 K *D3I2§ 3 2 2. Jfc«* 3 2 3, 

3 2 4. TV KY- h 3 2 5. «g«3 2 6. RTimm 
&tfcffli&*^3 2 7^«jtTV>5 0 

[0 0 5 2] ::-c, Mm&Wtfetn, /hftffl^-^t 
2lftStifca^)2ftf^i:wXi/ (KH) £J^M 

iK^/hftWf*— * £*d« it 2 mt&Tf o #8refc5 0 
HI 8 Ji^ifc»i£(DK3£R^-r 5fca6^»MI3-e*> 

Wly^*£^1^£^LT:fc9. 3 2 11®® 

[0 0 5 3] ^5®*P^/hft9Br— ^ofiSrXt U 
-fctfJ/HSSPx- * * 2 fttfb fC# P> *u5 2 mff— * <Z>« 

E = X-Y (1) 

[0 0 5 4] ^ ~ T\ ^^E^fia^aaSlfSf-ttSrMa 

^M^-IS^U, BSttSfcit^t LT, AlC>tfL7/l 
6, BfC*tLl/l6. ClC#L5/l6. Di:^tl3 

/i 6%mmi'z>mfcB:<%iibftxi,^ 0 

A : EX 7/1 6 

B : EX 1/1 6 • (2) 

C : EX 5/1 6 
D : EX 3/1 6 

[oo55] Tii. hi 7 {c^i-^mmm^m^m^m 
mzi^xBLmi-Zo H7;c^^r. fjts^LUT 

6 0 &15*HJM§ 2 1 0 (0»ftflH 5 ic^ LfcM 2 OOHfe 

2«{bniK3 2 ooDftmco^Tttw-rso 2mtmm 

3 2 oi^^^-c. ^n/^ey 3 2 if«fi*LfciBH#W 
®±{C^tt 5 2 yM V^M^lCov^r OM^S^- 

[0 0 5 6] ^JDSl^3 2 2{1. ftfffflLUT 6 Ofr 
mc, mm^^V 3 2 l^ttHASixfc^BW'r-^ 

4 If y h^x-^^l tfy h^^F^-^^ftiPLfcff 

5 tf y — ^"CfcSo iS^PtfVJMRSB^ 

50 ix5 0 W^tl\ /hftfflr— ^^tt* s f O. 7j Tr^> 9 . 



13 

*3 2 2j&»&ffi*$;ft£*n*x-*<0ffif* ro. 9 J (C 

[0 0 5 7] JtBS3 2 3(2*0^3 2 2^fbffi^£;fx 

TO. 5 J Sr*i-4 t> hf-^ " 1 0 0 0" fcfflv^ 
-Tftfc*), ltKS3 2 3Ht. JflBx-^ffitf "1 

ooo" ro. 5j ) ^±co*fr(a* 

w i" *ffl*u "iooo" £0 Vh£^*g>icii 

B o tt ap»^3 2 2 j^a^s 

*x-*o«fi" ro. 9 j r*fe*). Pif-^ 

TO. 5 J £*)jz£^(DX\ *t«E»3 2 3f*2i6r — * 

t lt - l" $rm^-r^ 0 

[0 0 5 8] r5Lt#5)nfc2lf-^fi, &f3^\ 
ADWS2 1 0^*3^-C, ®*SfflLUT6 O^feffl* 

^i*»r-^<oi^ ro. 5 J w±-e2flx-^^fii 

[0059] ^:nT\ ~ti&p5±-fz>tz#){z^ &mi&m 

SftSBx-^wffia* "1111" "Cfc5»^i- 
II, Ap1l^2 1 0Ul:fc5^TiJD££*l5 217- ^fl^ 
fctc "0" 3t-LT^So 41\ tt:8S3 2 4 

ftftf »fflLUT6 0^P>Bi*Stifcti:Sf-^ 

Lt 1 t y h^f-^SrtBAtS,, 55 2 

"llll" *ffii^5 0 o£*K Jtt5ES3 2 4(i, Sic 
ffi^-^wtta* "mi" ri 5 j ) <d 

m^\at "o" sra^u ^nw^s^Kf* M i" & 

m^-t5 0 iSfctC, ryKy-h 3 2 5^ Jt»S3 2 4 
^fcfflASnfcl K-y HCOt-^I-^^T. ltRS3 2 
3 ffl* S tlfc 2 f f-^ *J0*S 2 1 0(cA^1-£ 

f*. lt«Si3 2 4d^&m*$jX^7 ? -^^ "1" 

I3\ it«S3 2 3^e>0 2fir f -^4r*D»S2 1 01^ A 
Jj-TZAK w 0" com^ (0*19. ffiSSRx-^cotttfs 
r 1 5 J (D^) (C«it|jES3 2 3frh<02m?f—?$: 
A^-fr-fK, M 0" £A^>5 J:?(C^5 0 

[0060] :5tr, ryKy"F 3 2 5^^fj:2fi 
7^—^ t l~c s^x-^cofa:^ ri sj combat 
"0" ^ffl^sn. *ft^<a»^Kf*Jt«S3 2 



(8) »FI¥9- 1 8 7 2 3 

3^p>W2«7 f -^^-?:<o^*m^$iL5 0 ry 
Ky— h 3 2 5^f>ffl*SttS 2fiy^— *<D5 

"1" &*:<ni££m$k<D r 1 j fcSU "o" tt-ecos 

* ro J 

[0 0 6 1 ] — ^T. tt^S 3 2 6 Til. *D»S 3 2 2 ?&> 

K 3 2 5j^fcffl^£;ft;fc2fix-*S:A*U AD*^- 
*ri>fc2ffi^-*£«*1-* 0 C^*, 2ff^tu(Dx 
-^t2ffljb«^r f -^i:^»3l^*#ffi*ixSo ±E 
70 LfcfifiJ-eti, ADSx-^Ofi^ ro. 9j -e&f9, 2 fig 
x-^offi^ "1" r 1 j ) -c$,$ 

«-c\ «£*S*-e*>5i£3lfi r-o. u 

i£«ffl»*»3 2 7fi, 8fS§3 2 6iaotfl^fc 

msia, b, c, Dtc-en^ti^tfc^si-^o 

»Sffiftffla»83 2 7ti % WfeixfcKil&EiL 

sn^^y 3 2 1 tc*5(ts#jaaiij*A, b, c, 

20 DtC#j£-f £Eftfctta, b, c, cKOffiC^tt^tlAD 
[0 0 6 2] $k±<D& **^JT*fL /hJSSBT 5 - 

[0 0 6 3] H9f«^P^cD^4CO^ffi0iJ^ L-CO^ 

II, 2 5 6 (M) Blfl£SST-#51I««£3£K8 0 0 
50 J:<9^^^ixfclj^^. 3 (N) BHSr^S-Ct 5iB» 
ES^tt9 0 0£JB^TEft-r£#JT*fc5o 
iBA*^36tt8 0 0 J: >9ffi*Sii51f«T r -^fi2 5 6 
BW"C&5«(c»U iJ^^M^A^-r^tlJitx 

-^tt3BS3-e*>5co-e. 2 5 6» 

[0 0 6 4] U&3B£3£K8 OOt L"C«. ^ 

^, CD-ROM*if«EftiSEftS:fflv^iB«»iW36B 
40 KH^mfbiiZo iBttE»3SB9 0 0 i LT 

(i. HI j; 9^, A^^n^U^x-^copgl^ 

* ro j , r 1 j , r 2 j i^jelt, mmm, ^k^ 

[0 0 6 5] *3I^J^^paSc^SB(^ ««*JM§ 
LUT8 0 ^APK^2 3 0 t 2^t0K3 3 O^rlK 

2<t{L[Hl^3 3 Oil, ^^y331, 
A0^3 3 2. ltRg3 3 3, 3 3 4, T > K^- h 3 

3 5 . «**3 3 6 , Rumm&mmmwms 3 7&m 

50 ;LT^£o 
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[0 0 6 6] *1\ «»*»ffiLUT8 0li, AfiZtl 

^8 try hvmm^-f^&Mt LX2/2S 5 zmu 

/2 5 5^H, 5>^C0 T2 5 5J f*0 1 £fcfiEI 5 * 

[0 0 6 7] 8 try h^Wftx — *l-2/2 5 5 

S:*f LT8 try h <DiH£x-^ £#£*§£\ #<btu£ 70 



7d 



8 try Y(Om&T — Z<Ooh, ±ffi2tTyhdSS 

ftt>, a>9^Tfi:6 tr y h ft 5, 

[0 0 6 8] i*4t>*>, MSIfflLUT8 0^t^ 

zkic£^x s "oooooooo" (isoffiw) 

"11111111" (12 5 5P»M) ST^bL/C^ 

fciittr-^ti, "oooooooo" (momm) 
?> "iooooooo" £"CS?fl:U#£ J; 

[0 0 6 9] ffiSSSEfflLUT8 0 <fc9ffi^£*l 

fc8 t*y h£>iB«x — ±S2 try hWf"^ (1" 

2§2 3 0S.t^2 ttfc[H*&3 3 0<9Jfc»»3 3 4 tC Xf} $ 

SS3 3 0 60^*3 3 2\cXf}£i\Z>o 
[0 0 7 0] 2iiftlHlK3 3 otr^T. g£^^ey3 

Ui^-r^ 0 *Qff«3 3 2fi. RJ£^!> 3 3 ifrbmii 
SnfcRH^ax-^SrAAUT, Jt(cA*$ttfc6 tr 

[0 0 7 1 ] Jt««3 3 3fiAPSL»3 3 2 tti # $ *l 
S8tTyh (7 IT y h<7>x~^ + 1 tTy Y<Dft^— 
$) OAD^x-^A^U !5Ut£A2>£ix5fSltf>S2g 
mir-?tttmLX. WSJ*** It 1 fy V<D2mff 

TO. 5 J 6 fcTy Kr*-^ "1 0 0 0 0 0" 

i-4fc*>, it««3 2 3f*, m&T-9<nm& 
"iooooo" (i-*t>*>. ro. sj ) £Lt<7>»-£ 

1CJ± "1" SrttWU "1 0 00 0 0" £<9 t>/h£v^§ 
^Mte "o" £tt5^~f5o w<0<§*. *n*2§ 3 3 2 J; 9 
ffl^j $ txfcJnJfx- * 2 ttlb S *x 6 o 
[0 0 7 2] r5Ltff)tlfc2fif"-^«:, 

JjD*S2 3 otwisv^-c, 2 try h^fiftfflx— ^^an* 
SftSfrttTfcSas, {EJwSftSPx — ^offiis "10" 

■e*>9 (-fftt)^. m±mmx$b& r 2 j sr*tx*3 

^Off^ "1" £#ofc»&lCte, JogtCfcoT^FS* 



[0 0 7 3] Zft£i#it1-£7t *| 

-m. s&ffix-*0>i£as "10" -efess^sc^, 

S§g2 3 OIC*5V^*0*$^S 2flr r "^C0ffl:^^^ 
"0" ^/£5J:5(-LT^5o -Tfcfr*), tfc«#S 
3 3 4^ 5fetcA^f^iXfc2 tTy h coSi^SPx-^ 
55U^A^^n^^2^£WtT r -^i:itgfL-C, ifclMS 
LT1 tfy h^-^^rffl^J-rSo »2(DS3ltt7 f 

L-ctt r 2 j Sraei-2 try hf-^ "10" %m 
"10" «-4fc*>. T2j ) co»&«ch: "0" 

U *ftEJW<o»#l-Ji "l" %mt)-tZ>o 

^ "1" <D#^ (o£r>, fifSfflx-^^e^ T2J ^ 
^coi§£) [cf3\ *fctt»3 3 3^)^(7) 2 Mx-^^Pff 
S 2 3 0 d A^i" 5 j&s. " 0 " <Di§^ (o* 19 v 
x-^cofl^ r 2 J <7)i§^) ^litttftS3 3 3^£>©2 
m^f-^^A^-rK, "0" «rA*i-5J:5^-r 
5 0 Z5LX, 7yKy-h 3 3 5i^li2lf^t 

^ffl^Jtl, ^tL^^^^fiitK^3 3 3frt><02 

[0 0 7 4] ^fc. ^gi^3 3 6 Til. ^JP»i§ 3 3 2^ 

h 3 3 5^fbffl^^^fc2jSf f -^^A^lL. 
^^?>2flS7 f -^*«*U. 2fitftH*^7 :f -^^ 2«ft 

M^^-y 3 2 1 (CjottS^HaZHiSA, B, C, DICM 

[0 0 7 5]—*, ^PiL^2 3 0fi. 2fiib[ilK3 3 0 
^P>«0 2itfcSnfc/hftSlS7 i -^^A*U, 5felcA^^ 
iXfc2 tTy h(75aE*a5r — ^{w*D»L"C, 2tTyh(^li 

ti2tTy h-CfcS^S, ^OBfi»(i4|S&«T**< 3 KM 
-C&So B*ESSt9 0 0ft A^^n/clKtx-^ 
»WCioT, Hi Oi£^Lfc«fc5*3tt<£jB«e 

[0 0 7 6] J^±(Z> i 5 t-. ***F'JT^i. M««±8 

g8 0 0<fc9ttJ***Lfc2 5 6Pgp^li^-^^3^ 

IB»-t"5®ttESKB 9 0 0 tc^ft-r ^ 't^5o 
[0 0 7 7] Ml l«**W^5(0||J£«nji t*C(npg 

50 Fgf^£T*^ffcU#£.l lPgp(0®^x-^^2 5 6 
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£>RSSIft3E»3£B(i, IS 1 1 t^l'J: 5 «»JRWffl 
LUT9 0 tm%^2 AOt 2«{tlHlK3 4 0«it 
V^o £fc. 2fift[£]Sg3 4 0(2, KH7<*y3 4 1. 
*D»393 4 2. Jtft»3 4 3, 3 4 4, 7>F^h3 

4 5 , 3 4 6, XU!»l61t»fflSt jl» 3 4 7 £$t 

[0 0 7 8] £?\ ®*SfflLUT9 0(l A^£;ft 
fcl lBii^iBftr— ^ (4 tr y NtapiHftf*— £0 
ttlT2 5 5/1 0 (= (N-l) / (M-l) ) £ 

0*ft2 5 5/1 0 <D 5*>, 5>^(0 fl OJ (*0l3;fcf* 

^^BW»co3EfbB(-*ff£:L"CioD, T2 5 5j 

[0 0 7 9] £fc, 4 1fyhOBttf-^l:2 5 5/l 
O^ILT 1 2 tfy h«f-^^l5I^ f#b 

ns i 2 tr y h^ii^-^?^, ±&8 if y m>s 

ftffl5£**K ?jl<9 0Tffi4 try h^S/MSfflt*5o 
[0 0 8 0] -tftfrh* SMSf LUT9 0^fS 
^(c^oT, "0 0 0 0" (fOBI) ^ "10 1 

o w (mi o vim) $>x-mt\*x^izm&7*-*i*. 

"000000000000" (»0B!S) a*e> "ii 
1111110000" (12 5 5[©P) STALLS 

[0 0 8 1 ] «»S«fflLUT9 0J:!9ttS**tL 

fcl 2 fc'y hCOBftx-^fi, tf y F(Of»^ 

Eifcgflx-*) irT{i4 tfy htf>^-^ 

dSSOff « 2 4 0 Rl£ 2 mtm& 3 4 0 0>Jt«g 3 4 4 fC 

fiftlBlB 3 4 0 <75JD*» 3 4 2 A^J Jll^ 

[0082] 2fifb[i]S&3 4 okUd^t, ^^ey 3 

4ift Ati£thtimmT-?tcttfci-z>mm ffigi 

ffi^f-T^o *0*«3 4 2 it, m^^V 3 4 1 

ziitmmwfcT—f&Ajji'Xs *{-A*snfc-4tf 

[0 0 8 3] W:i^S3 4 3tt*D»«3 4 2 J^&iH^Jx 

5 6 If 5/ h (5t^yhWf"^+lt'7F^r- 

<^njJx-^£A^U SU^A**tt5«lwS* 
{Ix~^£ltl£LT, it$&gJ^ Ul tf y h02fir 

TO. 5j ^t4t^7h7-^ "1 0 0 0" 

So -t-ft;b*>, Jt»*3 4 3(1, Jp^^-^ofi^ "i 

0 0 0" ro. 5 J ) ^±cD^(Cii 

"1" £ffi2JU "1 0 0 0" J;*) fc/h£^»£t-(i 

w o" ^ai^-r^o *n#«3 4 2<t!>HWji* 



(10) ffl¥9- 1 8 7 2 3 

/* 

ixfc*D»-r — * J* 2 <S lb $ it 5 0 

[0 0 8 4] r 3 LT#^tlfc2f[lx-^^. 
*Q^2 4 OiC&I^T, 8 tfy ^EftflSx— *fc*D» 
SnStett^fcS^ fiiwfiESSB^-^Wffi^ "111 
1 1 1 1 1" T-feO (-r4i?*>. ft*»H»"efeS f"2 
5 5J ^LT&f?) , iilir-^Wl^ To. 
5 J K±"C2fiIx-^Offl^ "1" tte-ot^M^^tt, 
ton t- J: o T^F ^ 4«r ± tf * S ix*-/*- 7n-ift 

[0085] ^^r\ zn^±i^tz^{z^ 

T*f*. KJRWt*— *<0fitfS "11111111" XhZ 
*§£icf;*, ft]»2£2 4 0l:*3V^lDfSh5 2lr-^ 
coffi^C: "0" (rftSJ^dLT^So * 
1\ it«E«3 4 4 3&S, *^A*$tlfc8lf!y h<7)filSffl 
SUtcA^^ix5m2 0S^iii:^-^^lt^L 
T, Jt«E3g*t LT1 tfy b^-^Srffl^-rSo IS 2 
wS$If-^i: LTf* T2 5 5 J Sr*i"8tryh^- 
* "11111111" S:fflV>5o ltgES3 4 

20 4(1, KSffix — *0)fiSa s "11111111" 

t>*>. T2 5 5J ) "0" ^rffi^jL, -ttiW 

4 5(1. Jt«SS3 4 4^f)^^6T"^^ "1" <7) 
m& (0^19, fifta^-^^fi^S T2 5 5J ^(O* 
£■) tr(i, Jt«SS3 4 3^^cD2fix-^^Pg^2 4 
OtrA^t-5^. "0" 60S^ (o^t9, Sfc^x-^ 
COft^ T2 5 5J 00^) iC(lit^3 4 3 2 fit 

x-^^A^-f(^ ^ic M 0" SrA*i"5J:5l-i- 
5 0 :?U, T^Ky- b 3 4 5^^fl2fly ? -^ ( t 

jo tr, KSflJx-^ffiris r 2 5 5 j <DM^\ati%\z 

"0" d5ffl*StL. ^tt^^^(-(lit^3 4 3fr 
b<D2m^-?fc^<Dl£$Ltttl£ftZ) 0 

[0 0 8 6] 4 jb\ 3 4 6 Rtf RJg&IRJBSiWS 

3 4 7cDljf^iCo^Tfi. U7ic^LfcMgS3 2 6^: 

[0087] u±<dxo\^ *mmmx*^ mo mm** 

%m i 0B«*-C^tl#5 l lieWeoHftx-**. 

[0 0 8 8] Ell 2(i*«W^*6HJfefiSli:L-CO|SiSI 

(i, mtfy ht'i^H5Il«7-*^^n \f y bV 
g^ti^S2(Dltf-^{:Mt5, i"*^*>. 2 m 

[0 0 8 9] Sf, i»MLUT5 lfl, A**n 
fcmtfy h^U^x-^t^Sc^ LT (2 n -l) / 
(2 m -l) ^*lUr On) fcfy hCOBftr — ^ 

50 ^m^-r^o -*a«*^si 5 im (r-n) tr 
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fgl 5 2-C(i, PSWStlELfcr tTy ^Iftf™^<f: 
(r-n) ITy KDiiSftr-^SrAnWi-So *P*S 1 5 

[0 0 9 0] Hi 3tt*3g^oS7Hlfi0iJi: LTcDPgP 
fi, »6||*0J<z>ftiyg£»i 5 l Sr. x-rlfx-** /O 

fc<£>T% *<DT-?l* (r-n) t^yK' 
[0 0 9 1 ] 4ib\ «»B?<0»S3*<?:Sjft«©»WftW 

[0 0 9 2] 
[0E<a«*fc»im 

is 1 1 #«wtf>m i ^nffi^ Lx<ommscm»mm so 

[0 2] H«SiSfflLUT5 0tCioit5PJ^x- 
[13] BlOtfy HfC^mtEiSSl 0 0K*5tt3iJ»x 

[15] *38W^*2fiD||J6Cfi]i: Lrcoieai«S»3gB 
[06] 0 5tf>f r *1f7 f -**£»3 1 lKTfgiSfri 40 
[0 7 1 #3gf^Jil3^|^#iJ<t LT<opgHft2£ft«fi 

[0 8] Biijtsfcfewia^sraw-rsfcfecoawH-efe 

[0 9] 4c«M^4W*ftW^ LropsaScggjftSgtt 
[0 10] 0 9<oB&IEfiy£B9 0 ot-±5V^r®«x- 
[011] <z>® 5 <7>HJ£0i] t LT<7>teii«:«»38 50 
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[012] **W<D»6*>JH6M& LT<0Hm»aE»3K 
[013] *«W^7(75|ltt0i]i:U'CwKafS:«»J6 
[014] BW»Xlfe3Sfi^SB l Wffi*fifiJ(C*3V^-C 2 5 

[015] Lfc#|8a»tc:»S:-r 5iB«T f — 
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